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DETERMINING INTRA-DAY NET ASSET VALUE PROXY OF AN 
ACTIVELY MANAGED EXCHANGE TRADED FUND 

BACKGROUND 

This invention relates to determining an intra-day 
net asset value proxy for actively managed exchanged traded 
funds or basket products structured as a regulated investment 
company or the like. " 

Exchange traded funds or basket products, such as 
S&P 500 Depository Receipts (SPDRs), are vehicles for holding 
a basket of securities that can be traded on an exchange or 
securities market. More specifically, these instruments 
usually represent an undivided ownership interest in a 
portfolio of stocks or other securities held by a Trust. The 
portfolio of stocks is often intended to track the performance 
of an index like the S&P 500 Index, and therefore seeks to 
invest substantially all of its assets in the stocks 
comprising the S&P 500 index, in proportion to the relative 
weights of stocks in that index. SPDR shares are securities 
issued by the SPDR Trust and may be traded on a stock exchange 
or in over the counter transactions. 

The intra-day pricing of such securities is 
determined by supply and demand. Typically, these SPDR fund 
shares may be created or redeemed at the end of each business 
day at a net asset value price in so called "creation units". 
In the case of the SPDRs the creation unit has 50,000 SPDR 
fund shares. SPDR creation units are created or redeemed at 
the end of day at net asset value through an in-kind transfer 
of securities corresponding to the S&P 500 index. while the 
official net asset value (NAV) of the SPDR Trust is only 
published at the close of every business day, the value of the 
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underlying S&P 500 index is published continuously throughout 
each trading day. The per SPDR value of the index can be 
derived and distributed electronically to brokers, dealers, 
and investors throuighout the world. 

An intra-day value disseminated by the exchange is a 
real-time calculation designed to give an investor a per SPDR 
share price, which is very close to what the intra-day net 
asset value would be, were it calculated. At the end of 
trading, the intra-day approximate calculation and the 
official NAV should be very close. 

Intra-day. values of exchange traded trusts such as 
SPDRs or mutual funds such as the Select Sector SPDRs may be 
evaluated from the publicly available creation basket on a per 
share basis throughout the day as if the creation basket were 
the portfolio of the fund. The calculation is relatively 
straight forward, since the creation basket composition 
changes little from day to day unless the index changes. 
While the fund may contain proportionately a few more shares 
of one stock and a few less of another stock than would be 
arrived at by multiplying the creation basket by the number of 
creation baskets that constitute the fund or by using the 
index itself in the computation, the calculation will be very 
close to net asset value in either case - 

SUMMARY 

According to an aspect of the present invention, a 
method of determining an intra-day net asset value proxy for 
an exchange traded fund includes receiving in an encrypted 
format adjusted portfolio information and decrypting the file 
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having the adjusted portfolio information to provide security 
positions/ The method also includes calculating the intra-day 
net asset value proxy for the fund by applying prices received 
from a quote feed to these decrypted security positions in the 
fund portfolio. 

According to a still further aspect of the present 
invention, a computer program product for determining an 
intra-day net asset value proxy for an exchange traded fund 
includes instructions for causing .a computer to receive in an 
encrypted format adjusted portfolio information, decrypt the 
file having the adjusted portfolio information to provide 
security positions and calculate the intra-day net asset value 
for the fund by applying prices received from a quote feed to 
these decrypted security positions in the fund portfolio. 

According to a still further aspect of the present 
invention, a system includes a trusted computer system. The 
trusted system including a physical hardware and operating 
system configuration in which domain configuration and trust 
relationships are established to determine access to 
information in the trusted system. The system also includes a 
computer readable media storing a computer program product for 
determining the intra-day net asset value proxy for an 
exchange traded fund. The program includes instructions for 
causing the trusted system to decrypt a file having adjusted 
portfolio information to provide security positions and 
calculate the intra-day net asset value for the fund by 
applying prices received from a quote feed to these decrypted 
security positions in the fund portfolio. 
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One or more of the following advantages may be 
provided by one or more aspects of the invention. 

Intra-day per share value calculations based on 
indexes or on creation unit baskets are appropriate for index 
based mutual funds or other instruments, with readily available 
port folios . that are essentially not managed. However, other 
types of exchange traded funds or trusts can be produced. One 
type of exchange traded mutual fund can be an enhanced index 
fund that is designed to track or outperform an index. With 
this type of fund there may be no equivalent creation unit 
basket nor any other information readily available to provide 
the functional equivalent of the iritra-day net asset value. 
In addition, there can be actively managed funds or trusts 
where there is no published index even remotely related to the 
portfolio of the fund. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a computer system to 
perform an intra day net asset value proxy calculation. 

FIG. 2 is a flow chart showing a process to 
determine an intra-day net asset value proxy of an actively 
managed fund. 

FIG. 3 is a flow chart showing a portfolio 
adjustment process. 

FIG. 4 is a flow chart showing an embodiment of an 
intra-day valuation process for an actively managed fund. 

DETAILED DESCRIPTION 
Referring now to FIG. 1, back room operations of an 
exchange 10, an electronic market and so forth are shown. The 
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operations 10 include a computer system 11, which includes a 
CPU 12, main memory 14 and persistent storage device 16 all 
coupled via a computer bus 18. The computer system 11 may be 
a server as shown, which is coupled in a network of computers 
in a conventional manner such as in a client-server 
arrangement. The details on the client server arrangement are 
not important to understand the present invention. The 
computer system 11 can also include output devices (not shown) 
such as a display and a printer, as well as input user 
interface devices (not shown) such as a keyboard and a mouse. 
The computer system 11 also includes a network interface 20, 
that couples the computer 11 to a network 24. The computer 
back room operation 10 also receives a quote feed from a quote 
server 26 and portfolio information from a computer 28 
associated with an actively managed fund. 

The computer system 10 receives information 
concerning real-time prices of securities from the quote 
server 26 and information concerning composition of portfolios 
from the fund computer 28. The computer system 11 also 
includes intra-day NAV proxy algorithm software 40 that 
calculates in real time an intra-day net asset value proxy for 
an. exchange traded fund, in particular for actively managed 
funds or enhanced index funds. Examples of other products 
that can use an intra-day NAV calculation can include the 
value of a spot commodity pool or futures pool; a basket of 
fixed income instruments chosen for their yields, average 
maturities, specific durations., the currency in which they are 
denominated, or for other reasons or characterizations. 
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Referring now to FIG. 2, a process 40 to determine 
an intra-day net asset value proxy is shown. The process 40 
can be used to calculate an intra-day NAV proxy for an 
actively managed portfolio or an enhanced index fund over the 
course of a trading day. The calculation can be performed in 
real time. The process 40 will be described in conjunction 
with an actively managed mutual fund. Once the closing 
portfolio is revised for the day's transactions, or more 
.accurately, the next day's opening portfolio on which the 
intra-day NAV proxy and the official closing NAV will be 
calculated, has been determined and checked for accuracy by 
the portfolio management organization, the portfolio is 
encrypted and transmitted to the intra-day price calculation 
(42) . 

The net asset value process 40 receives 42 in an 
encrypted format from the portfolio management organization - 
This portfolio information has been adjusted to reflect any 
transactions made on the prior trading day (T-1). Official 
net asset value calculations that are disseminated to the 
general media after the close of trading on a current trading 
day (T) are based on the position of the fund at the close of 
the prior trading day (T-1) . The net asset value is 
calculated on current day (T) as if no trades occurred during 
the trading day. In general, this convention makes little 
difference in the overall net asset value calculation of the 
fund because it is unusual to have a combination of massive 
turnover on a single day and a significant difference in price 
at which shares are sold on a current day and the closing 
price at which the fund is priced. The portfolio is also 



-6- 



wo 01/72106 PCTAJSOl/09530 



adjusted to take into consideration other factors such as 
dividend credits and expenses attributable to the current day 
(T) . In other embodiments, the actual closing trade date 
positions of the fund on the current day can be used in the 
calculation. 

The portfolio information is decrypted 44 and the 
information is used as the template for intra-day 
calculations. As a check, a closing price tape identical to 
the tape used in pricing the basket as of the previous night's 
close, can be fed to the template to determine if the net 
asset value calculated against the template is identical to 
the previous day' s closing NAV, plus or minus known 
adjustments, The decrypted portfolio can be re-encrypted 
using the same or a different encryption process and returned 
to the portfolio management organization where it will again 
be decrypted and compared with the file originally sent. This 
process is used to make sure that the file was not corrupted 
in the original encryption and transmission process. Other 
checks are possible including error correction, unauthorized 
use detection, checksums, etc. 

The portfolio information file is encrypted using a 
public encryption key of a public-private key encryption 
algorithm with the corresponding private key being only known 
by the net asset value proxy calculation process 40. The 
received portfolio data is decrypted in the net asset value 
proxy calculation process 40 using the corresponding private 
key. A portion 41 of the process 40 is executed within a so 
called "trusted system". Trusted systems refer to a physical 
hardware and operating system configuration in which domain 
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configuration and trust relationships are established to 
determine access to information on the computer 11. 

A trusted computer can have the capability to 
recognize another trusted system, to execute usage rights (in 
this case access rights for the portfolio information file) 
and to render the file so that it cannot be copied or sent in 
decrypted form outside of the process 40. A highly secure 
channel can be established between the computer 11 and the 
fund computer 28 to enable a transaction where the two trusted 
systems exchange data over a communication channel, e.g., the 
Internet or a proprietary network feed, providing assurances 
to the fund computer 28 that it is in fact communicating with 
the exchange back room operation computer 11. Communications 
over a secure channel can be accomplished with encryption and 
what are known as challenge-response protocols. Other 
techniques are possible. 

The computer system 11 would have a trusted 
relationship where a rights or privileges policy is 
established such that the decrypted portfolio file cannot 
leave the intra~day net asset value proxy process. 40 in a 
decrypted form. That is, only the intra-day net asset value 
proxy process 40 itself is given privileges to access the data 
in the file and no copies can be made of the file. The file 
may reside in the system throughout trading until replaced 
with a new file for calculation of intra-day net asset value 
on the next trading day (T+1) , At that time the file can be 
re-encrypted and returned to the actively managed fund or 
destroyed- 
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The process 40 matches 4 6 quotes from a quote feed 
to stocks in the portfolio throughout the current trading day 
(T) . The process 40 calculates 48 a new net asset value proxy 
for the fund by applying real-time quotes received from the 
quote server 26 to positions in the fund portfolio. The 
process 40 can disseminate 50 a net asset value for the fund 
on a periodic or continual basis throughout the day. 

Referring now to FIG. 3, a portfolio adjustment 
process 60 used to assemble a fund portfolio to send to the 
intra-day net asset value calculation process 40 is shown. 
Portfolio adjustment process 60 adjusts 61 portfolio positions 
to take into consideration any trading that occurred on the 
previous trading day (T-1) . . These positions in the portfolio 
are further adjusted 62 for dividend credits attributable to 
day (T) , as well as adjusting 64 for any expenses attributable 
to day (T) . Cash positions (not shown) are also taken into 
consideration. The adjusted portfolio is assembled into a 
portfolio file and includes additional information such as the 
total number of shares outstanding for the fund or basket, 
e.g., to quote vendors, and so forth. The portfolio file is 
encrypted 66 using the public key of the public-private key 
algorithm used in the process 40. The portfolio is 
transmitted 68 to the back room operations 10 of the exchange 
or market where it is received 42 (FIG. 2) and used as 
described in conjunction with FIG. 2, 

Referring now to FIG. 4, an embodiment of the intra- 
day valuation proxy process 40 for an actively managed fund is 
shown. The process 40 decrypts 44a the portfolio file, as 
received from the fund manager, and populates 4 4b a table 4 4c 
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with fund positions. The table 44c can include, for example, 
security symbols, quantity of shares held and an indication of 
whether the position in the shares is a "short" position or a 
**long" position and so forth. 

The process 43 continually receives 45 quotes or 
transaction prices from the trade and quote feeds and 
determines 46 whether a currently received security and price 
corresponds to a security in table 44c and thus is a security 
in the actively managed fund. If the security and price does 
not correspond to a security in the table, the process waits 
47 to examine the next new security and price. Otherwise, the 
process 40 will calculate 48a a new value of the position (and 
its bid and offer if the price is a quote rather than a 
transaction price of the security) as of the trading day by, 
for example, retrieving the number of shares in the position 
and multiplying the number of shares by the current quote for 
the security. This new value will replace 48b, a prior value 
for the position in that security. The process 43 will 
calculate 48c, a new net asset value proxy and/or new bid or 
offer of underlying instruments, by taking the sum of the 
values of all current positions in the fund and dividing that 
by the total number of shares outstanding in the fund. 

Another technique that can be used to calculate the 
net asset value, proxy would have the portfolio table 44c 
include another field that has the value of the position on 
day (T-1) . The table could also have a total of all 
positions. The net asset value proxy calculation would take 
the total valuation of the fund, subtract the old value of the 
position for a security and add the new value of the position 
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for the security into the total. The new sum would be divided 
by the number of outstanding shares. The new, net asset value 
proxy calculation is disseminated 50 through the exchange to 
quote vendors . 

With this intra-day net asset valuation proxy 
process 40, a stock exchange can calculate in real time, 
intra-day net asset value proxies for actively managed and * 
enhanced exchange traded funds. Portfolio managers are assured 
that the positions of the fund are not known outside of the 
fund so that others, e.g., traders and competitors will not 
know what securities the fund is buying and selling. This is 
important to maintain a fiduciary duty to keep positions 
confidential where confidentiality is in the interest of the 
shareholders of the fund. Thus, this technique assures 
confidentiality while enabling the system 10 and, the backroom 
computer 11, to give investors up-to-date, i.e., real time 
information on valuations to facilitate trading in the mutual 
fund or trust instrument. Maintaining the confidentiality of 
this knowledge is important because public dissemination of 
the information may enable individuals and organizations in 
effect to trade against the fund. This confidentiality is 
assured by encrypting the file and only providing the software 
with the decryption key to decrypt the portfolio position 
information in the file. 

The portfolio information is only available to the 
net asset value proxy calculation internal to the computer. 
The information is either re-encrypted or destroyed so that 
unauthorized access is prevented. This provides a process 
for determining an intra-day NAV proxy for actively managed or 
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enhanced index funds that protects the information that the 
fund manager transmits to the intra-day NAV proxy calculation 
server - 

A real time calculated net asset value proxy 
disseminated to the market may provide several advantages to 
the market. The real time calculated net asset value proxy 
can help establish tight valuation ranges (e.g., lower spreads 
between bid and ask) which may lead . to tight pricing in 
markets for the basket of securities used to establish the 
funds. To the extent that trading in the basket would 
facilitate the formation of more units of the basket, i.e., 
creation of additional units of an exchange traded fund or 
additional units of a commodity basket, etc., the cost of 
maintaining and operating the basket or portfolio would be 
spread over a larger pool of assets. Consequently, the costs 
per-dollar of assets in the portfolio or basket might be 
reduced. 

The backroom computer 11 on which the NAV 
calculation is performed should have appropriate testing 
procedures for evidence of tampering with software, hardware 
or data files or access by unauthorized persons to provide a 
high degree of both physical and data security during the 
period the decrypted portfolio file is in use in the 
calculation of intra-day Net Asset Value Proxies. The use of 
dual processors or systems, for redundancy i.e., fault 
tolerance, would also be appropriate. In addition to 
improving reliability, a fault tolerant system can facilitate 
management of the system if there is a problem in the 
calculation module. The ordinary steps that the management of 
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a system installation could take to repair a hardware or 
software problem may bie rendered more difficult by the 
encryption-decryption process and by the protections built 
into the processor. In other words, both the hardware and 
software may be less accessible than they would be in a normal 
installation. 

Another aspect of the calculation is that it can 
provide in the context of. an actively managed fund bid and 
offer values and a spread in terms of the fund intra~day NAV 
proxy. While the calculation generally is comparable in 
every material respect to the traditional 4:00 P.M. net asset 
value calculation, it may not be called a NAV calculation when 
distributed to the market because of the issue of liability 
for any data or calculation errors and because investors 
cannot necessarily buy or sell shares from the fund at that 
price. In addition, 4 : 00 P.M. closing prices are subject to 
verifications that may not be practical in an intra-day 
calculation. 

Other Embodiments 
It is to be understood that while the invention has been 
described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate 
and not limit the scope of the invention, which is defined by 
the scope of the appended claims. Other modifications include 
sending files to a trusted third party, e.g., an accounting 
firm, for secured processing with or without encryption, 
sending unencrypted file(s) to an exchange controlled facility 
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that is staffed with bonded employees or having the intra-day 
net asset value proxy process provided directly to the fund. 
Other aspects, advantages, and modifications are within the 
scope of the following claims. 
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What is claimed is: 

1. A method of determining an intra-day net asset value 
proxy for an exchange traded fund comprises: 

receiving in an encrypted format adjusted portfolio 

informations- 
decrypting the file having the adjusted portfolio* 

information to provide security posit ions ; 

calculating the intra-day net asset value proxy for 

the fund by applying prices received from a quote feed to 

security positions in the fund portfolio. 

2. The method of claim 1 further comprising: 

disseminating the intra-day net asset value proxy 
for the fund on a continual basis throughout a trading day. 

3. The method of claim 1 wherein the portfolio is 
adjusted to reflect any transactions made on the prior trading 
day. 

4. The method of claim 1 wherein the portfolio adjusted 
to take into consideration factors such as dividend credits 
and expenses attributable to the current trading day. 

5.. The method of claim 1 wherein the net asset value 

proxy calculation is executied within a trusted system. 

claim 1 wherein the trusted system is 
operating system configuration in 



6. The method of 

a physical hardware and 
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which domain configuration and trust relationships are 
established to determine access to information in the trusted 
system. 

7. The method of claim 6 wherein the relationship 
established in the trusted system is denying access to the 
decrypted portfolio file from outside of the calculation 
process. 

8. The method of claim 1 wherein decrypting further 
comprises: 

decrypting a portfolio file received from .the fund 
and populating a table with fund positions including a 
security identifier and quantity of shares held in the fund. 

9. The method of claim 8 wherein calculating further 
comprises : 

continually receiving quotes from a quote feed; and 
determining whether a currently received quote 
corresponds to a security in the table. 

10. The method of claim 8 wherein for a security in the 
table, calculating further comprises: 

calculating a new value of the position of the 
security as of the trading. day by retrieving a number of 
shares in the position and multiplying the number of shares by 
the current quote for the security . 
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11. The method of claim 10 wherein calculating, further 
comprises: 

replacing a prior value proxy for the position in 
that security in the table; and 

calculating a new net asset value by taking the sum 
of current positions in all of the securities in the fund and 
dividing that by the total number of shares outstanding in the* 
fund. 

12. The method of claim 1 further comprising: 

disseminating the intra-day net asset value proxy 
for the fund on a periodic basis throughout a trading day. 

13. A computer program product for determining an intra- 
day net asset value proxy for an exchange traded fund 
comprises instructions for causing a computer to: 

receive in an encrypted format adjusted portfolio 
information; 

decrypt the file having the adjusted portfolio 
information to provide security positions; and 

calculate the intra-day net asset value proxy for 
the fund by applying prices received from a quote feed to 
security positions in the fund portfolio. 

14. The computer program . product of claim 13 further 
comprising instructions for causing a computer to: 

disseminate the intra-day net asset value proxy for 
the fund on a continual basis throughout a trading day. 
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15. The computer program product of claim 13 wherein 
instructions for causing a computer to calculate comprise 
instructions to cause the computer to': 

adjust the portfolio to reflect any transactions 
made on the prior trading day- 

16. The computer program product of claim 15 wherein the 
portfolio is adjusted to take into consideration factors such 
as dividend credits and expenses attributable to the current 
trading day. 

17. The computer program product of claim 13 further 
comprising instructions to: 

populate a table with fund positions including a 
security identifier and quantity of shares held in the fund. 

18. The computer program product of claim 17. wherein 
instructions to calculate further comprise instructions to: 

receive quotes from a quote feed; and 
determine whether a currently received quote 
corresponds to a security in the table. 

19. The computer program product of claim 18 wherein for 
a security in the table, instructions to calculate further 
comprise instructions to cause the computer to: 

calculate- a new value of the position of the 
security as of the. trading day by retrieving a number of 
shares in the position and multiplying the number of shares by 
the current quote for the security; 
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replace a prior value for the position in that 
security in the table; and 

calculate a new net asset value proxy by taking the 
sum of current positions in all of the securities in the fund 
and dividing that by the total number of shares outstanding in 
the f und- 

20. A system for determining an intra-day net asset 
value proxy for an exchange traded fund, comprises: 

a trusted computer system, the trusted systems being 
a physical hardware and operating system configuration in 
which domain configuration and trust relationships are 
established to determine access to information in the trusted 
system; and 

a computer readable media storing a computer program 
product for determining the intra-day net asset value proxy 
for the exchange traded fund, said program comprising 
instructions for causing the trusted system to: 

decrypt a file having an adjusted portfolio 
information to provide security positions; and 

calculate the intra-day net asset value proxy for 
the fund by applying prices received from a quote feed to 
security positions in the fund portfolio. 

21. The system of claim 20 wherein the relationship 
established in the trusted system is denying access to the 
decrypted portfolio file from outside of the calculation 
process. 
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22. The system of claim 19 wherein. the computer program 

product further comprising instructions for causing the 
trusted system to: 

disseminate the intra-day net asset value proxy for 
the fund on a continual basis throughout a trading day. 
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